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Abstract 
The effect of casting defects on the high cycle fatigue property of magnesium alloy was investigated in this study. 
Two AM60B magnesium alloys were manufactured by high pressure die casting with different processing parameters 
such as die morphology, melt and die temperatures. One of AM60B alloys with relatively high porosity was called 
C1 (4.06%) and the other was called C2 (0.07%). Microstructures of both C1 and C2 were composed of primary 
dendrite Į-Mg, Al rich Į-Mg, AlMn particles and Mg17Al12 phases. The tensile properties of both alloys were showed 
that C2 had superior strength and elongation. High cycle fatigue properties were also showed differently: fatigue limit 
of C1 exhibited 32 MPa at 107 cycles beside that of C2 showed 82 MPa at same cycles. Thus, C1 had significantly 
lower fatigue life than that of C2. Fractographical observations performed to explain the differences of fatigue 
properties by using SEM. From the observation of the differences in porosities and fractography of two AM60B 
magnesium alloys, an attempt to explain the high cycle fatigue fracture behavior of casted magnesium alloys was 
made by using the amplitude of stress intensity factor, ǻK. 
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1. Introduction 
Magnesium alloys have properties of good castability, high strength to weight ratio, and low density. 
For this reason, they are used as component part materials in applications for the automobile and aircraft 
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industry to give improved fuel efficiency and reduce environmental problem [1]. In general, magnesium 
components made by die casting contain significant defects in the nature of casting. The temperature 
gradient that is generated in the process of solidification makes different external and internal 
microstructures of these alloys. Entrapped gases create pores, and shrinking by solidification generates 
shrinkage pores. In addition, the segregation of alloy elements and residual stress are also known to affect 
the mechanical properties of components resulting from casting [2]. 
For those alloy parts that are made via die casting for applications in the automobile and aircraft 
industry, superior resistance against cyclic stress is required. Accordingly, research is ongoing regarding 
the effect of casting defects on high-cycle fatigue property [3-6]. Wang et al. [3] have reported on the 
effect of pores, oxide film and inclusions on the fatigue property of A356-T6 aluminum alloys. Avalle et 
al. [4] revealed that with Al-Si-Cu alloy, pores caused cracks, resulting in reduced tensile strength and 
fatigue limit. Horstemeyer et al. [5] reported the effect of pore size on fatigue life, with regard to those 
components made of magnesium alloys. Meyer et al. [6] suggested the stress concentration of pores that 
affect fatigue fracture, with regard to Al and Mg alloys. Most studies for the effect of casting defects on 
fatigue property are mainly concerned with Al alloys. With regard to Mg alloys, studies have been 
limitedly done for the effect of pores on fatigue. Particularly, no studies have been performed with regard 
to Mg alloys in the same compositions, in which pore condition is differentiated in order to investigate the 
effect of pores on fatigue fracture. 
This study used two different types of AM60B Mg alloys that were fabricated in different pore 
conditions via HPDC (High Pressure Die Casting) method with different process parameters. High-cycle 
fatigue tests were conducted after comparison of the casting defects and microstructures. Through the 
observation of the fatigue fracture surface and that of crossed section, pore effects on the high-cycle 
fatigue property and the fatigue crack propagation behaviour of AM60B alloy were investigated. 
2. Experimental Method 
AM60B alloys, used for this study, are Mg alloys that are manufactured by high pressure die casting 
(HPDC) process. The pore size and quantity were controlled under different die casting process 
conditions: differentiated melt and die temperatures, and mold shapes. The test sample – that was 
manufactured under the following conditions: 640oC in melt temperature and 280oC in die temperature – 
is named Condition 1 (hereafter, C1). The other test sample – that was manufactured at 670oC and 250oC, 
respectively, in an optimal casting condition via computer simulation – is named Condition 2 (hereafter, 
C2). Compositions of both alloys correspond to the compositions of AM60B. 
To identify the porosity (size and distribution), an image analysis program is used to express, as a 
percentage, the total area of pores. To observe microstructure of both alloys, etching was carried out using 
a 1 ml HNO3 + 1 ml CH3COOH + 25 ml H2O + 75 ml C2H5OH solution. After etching, the microstructure 
was observed through SEM. Using an Energy Dispersive Spectroscopy (EDS), phase analysis was 
conducted. By image analysis, the sizes of phases were compared. 
To identify mechanical properties, room temperature tensile tests were carried out. Specimens were 
machined in compliance with the requirements of ASTM E466. Both C1 and C2 alloys were conducted to 
five tensile tests. Tensile and yield strength, and elongation were displayed as the mean values. In a high-
cycle fatigue test, at room temperature and atmospheric conditions, the stress ratio was R= 0.1, 80 Hz, 
and the stress was controlled. When 107 cycles were reached, the stress condition in which no fatigue 
fracture occurs was set as the fatigue limit. The fatigue fractured surfaces of the test samples were 
observed by SEM with regard to the effect of the pores on fatigue properties. The sectional fractured 
surface was observed by SEM to identify the fatigue propagated characteristic of the cracks. 
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3. Results 
3.1. Casting defects and microstructure of AM60B alloys 
Figure 1 present the casting defects and microstructures of the two alloys. These two alloys show 
different characteristics of the pores: the porosity of C1 is relatively high. Quantitative analysis on the 
porosity via an image analysis program revealed C1’s porosity was approximately 4.1%, and the pore size 
was in the 0-450 ȝm range. C2's porosity was measured at 0.07% and in a 0-70 ȝm range of pore size. 
Round and irregular pores were observed in both alloys. However, C1 showed primarily large and round 
pores, while C2 had primarily tiny and irregular ones. Both alloys contained Į-Mg dendritic phase, Al 
rich Mg on the interdendritic region, AlMn particles, and ȕ-Mg17Al12 phase. The two alloys are composed 
of identical phases, but showing difference in size and shapes of each phase. With regard to dendritic 
structures, Į-Mg, C1 had a mean size of 28.7 ȝm, while C2 was measured at 16.6 ȝm. The width of Al-
rich Mg that is formed in the dendritic interface was observed at 5.5 ȝm and 3.7 ȝm, respectively. 
 
Fig.1. Macroscopic photos of the casting defects and microstructures of both AM60B alloys; C1 (left) and C2 (right) 
 
3.2. Tensile and fatigue properties of AM60B alloys in accordance with pore condition 
The results of tensile test represented that two AM60B alloys have different properties. C1 showed 
yield strength of 156MPa, tensile strength of 161MPa, and 2.41% elongation. C2 were of 215MPa, 
289MPa respectively, and an elongation of 13.9%. These results indicate that for the properties of 
strength and elongation, C2 is superior to C1.  
 
 
Fig. 2. High cycle fatigue results with different porosity conditions and the fraction of fatigue crack initiation sites of 
the both AM60B alloys; Internal pore (IP), surface pore (SP), other factors are 2nd phase near surface, Į-Mg and etc. 
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Left of Figure 2 presents the result of high cycle fatigue test on the two AM60B alloys. Compared to 
alloy C1, alloy C2 appears significantly superior in fatigue properties. For the same fatigue life, C2 
appears to suffer higher stress than C1. The relations of the maximum stress and fatigue life of the two 
alloys can be indicated as a Basquin’s equation, which is an empirical formula of high-cycle fatigue [7]. 
 
)log()log()log( max CpN f   V                                                          (1) 
 
Here, Nf is fatigue life; ımax is the maximum stress; p and C are constants that are related to the fatigue 
property of materials. The p value indicates the sensitivity of fatigue life with regard to the maximum 
stress. Calculating the sensitivity of the two alloys that are suggested in Figure 2 reveals values of 0.0739 
for C1 and 0.0415 for C2. This confirms that the fatigue life of C1 was affected more sensitively by stress. 
Also, the fatigue limits of these two alloys are 32 MPa and 82 MPa, respectively, which is more than 
twice value. These fatigue limits amount to approximately 20.5% and 38.2% of each alloy’s yield 
strength. Even though the two alloys have similar compositions, there are significant differences in 
fatigue limits and stress sensitivity. The different fatigue properties are attributed to the different pore 
characteristics and microstructures of these two alloys, as stated previously. Right of Figure 2 presents, as 
a percentage, the cause of fatigue crack initiation in the investigation of all fractured surfaces that 
occurred with the two alloys. C1 started fatigue cracks at all of the pores, whereas C2 showed relatively 
less effect of the pores, but suffered a more significant effect from the microstructure including the 2nd 
phase and Į-Mg in the initiation of fatigue cracks. 
Figure 3 shows representative results of fatigue fractured surfaces that occurred in the two AM60B 
alloys. With C1, it is relatively difficult to find a specific fatigue crack initiation site due to the numerous 
ones by pores, and characteristically the fatigue fractured region is displayed only in a narrow area 
between pores. On the other hand, C2 shows a typical fatigue fractured surface in which fatigue cracks 
started at a specific site and gradually propagated. Despite the test conditions with relatively high stress 
(C2), it is noteworthy that the fatigue fractured area is broad. C1 revealed fine fatigue striations on the 
dendrite phase between pores. On the other hand, C2 was tested under high stress with low content of 
pores, so relatively broader striation, versus C1, was formed on the fatigue fractured area.  
 
 
Fig. 3. Typical SEM fatigue fracture surface and striation of both alloys; C1 (left) and C2 (right) 
4. Discussion 
All of the above results indicate that with HPDC AM60B alloys, fatigue deformation behavior changes 
sensitively, depending on the quantity and size of pores. In the case of few and small-sized pores, the 
fatigue property is primarily determined by microstructure factors excluding the pores. On the other hand, 
with the case of a considerable quantity of pores, the pores caused a negative effect on the fatigue 
property. 
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Fig. 4. Fatigue crack propagations of the two alloys (left) and relationship between the amplitude of stress intensity 
factor versus fatigue life (right) 
 
For this reason, some studies have been done on the correlation between pore size and fatigue properties. 
In particular, Murakami [8, 9] revealed that the calculated stress intensity factor using the pore area, 
which enabled the prediction of fatigue limit. Murakami’s formula was used under R= -1 condition to 
indicate the value, Kmax. However, 0.1 of stress ratio (R) was used for the fatigue test of this study. Thus, 
the authors used the following revised formula, in consideration of corrected ǻK (the amplitude of stress 
intensity factor). 
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For the constant Į, 0.5 was used for internal pores, and 0.65 was used for surface pores [6, 9]. The value 
Ad indicates the area of pores that appeared in the fractured surface. And ımax and ımin indicate the 
maximum stress and the minimum stress that are loaded for every fatigue test. As calculated by the above 
method, the correlation between the value ǻK and the fatigue life is presented in Figure 4 (right). All 
considerations of stress condition, fatigue crack initiation site and pore size were given for the correlation. 
C1 shows a tendency that as the value ǻK increases, fatigue life decreases. On the other hand, C2 is 
different from C1, showing no such tendency. Another noteworthy finding is that C2 shows high fatigue 
life despite the fact that C2 has a relatively high value of ǻK. This can be rephrased that C2 has higher 
resistance of fatigue crack initiation from pore (considered as pre-crack) than that of C1, and the two 
alloys have different fatigue fracture mechanisms. 
Lu et al. [10] suggested that as the crack driving force increases, cracks propagate along interdendritic 
region, and as the crack driving force decreases, the cracks propagate to the transdendritic region. The 
results of this study are presented in Figures 4 (left), with regard to the typical crack propagations of C1 
and C2. C1 shows a tendency toward fatigue crack propagations interdendritically, while C2 experienced 
fatigue cracking transdendritically. Analysis indicates that C1 has a higher crack driving force than C2. 
All the pores inside alloys can act to serve as local stress increasing factor when stress is loaded. As a 
result, small fatigue cracks around pore were easily observed in C1 alloy. It is reasonable to assume that 
the connection of small cracks around pores can increase the fatigue crack driving force of the C1 alloy. It 
is thought that pores in AM60B alloys serve as a catalyst in fatigue crack initiation and propagations, also 
becoming the cause of critical fracture.G
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5. Conclusions 
In this study, the mechanical and high-cycle fatigue properties were investigated with AM60B alloys 
manufactured with differing casting defects. The following conclusions were obtained.  
 
(1)  In the porosity analysis of the manufactured alloys, C1 reached 4.1% but C2 only reached 0.07%. C1 
showed a round and wide range of pores, while C2 was observed generally with irregular and narrow 
range of pores. C2’s mechanical properties were superior to C1. Yield strengths were 160 MPa and 
215 MPa; and tensile strengths were 161 MPa and 289 MPa, respectively. In particular with regard to 
elongation, C1 was 2.41% while C2 was 13.9%. 
(2)  In the high-cycle fatigue test result, C2’s fatigue limit was 82 MPa, which is 38.2% of its yield 
strength, whereas C1’s fatigue limit was 32 MPa, 20.5% of its yield strength, a significantly lower 
value than observed with C2. C1 shows higher sensitivity of fatigue life to stress than that of C2. All 
fatigue crack initiation sites under C1 occurred at the pores, while with C2, the effect of microstructure 
was much more significant than the pores. 
(3)  In the correlation with corrected ǻK and fatigue life, for C1, the greater the ǻK, the shorter the fatigue 
life. For C2, such correlation was not observed. The pores caused a stress concentration effect, 
affecting crack initiation and propagations that resulted in a changed fatigue fracture mechanism. 
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